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Introduction 


The summaries of sea water densities presented in this publica— 
tion are based on observations made in Atlantic harbor and coastal wa- 
ters through the year 1956. The densities were observed primarily at 
tide stations which, inthe United States, were maintained by the Coast 
and Geodetic Survey, often with the cooperation of other organizations. 
Final results for places in Venezuela were supplied by the Ministerio 
de Obras Publicas, Estados Unidos de Venezuela. For other countries, 
the Coast and Geodetic Survey derived the data from observations made 
by organizations in the countries concerned. In Latin America the ob- 
servations were obtained through the cooperation of the Inter American 
Geodetic Survey. 

Table 1 presents monthly means and annual mean and extremes for 
each year of observations. Maximum and minimum densities are shown for 
each year in which observations were made, whether or not the observa— 
tions covered the whole year. In all cases the yearly extremes are from 
the months of the year for which means are given. If they are from an 
incomplete year, they are followed by an asterisk. 

For each station at which the series of observations covered two 
or more years, there are given also the following monthly values for 
the series: the mean of the monthly means together withits correspond— 
ing salinity, the maximum density observed, the mean of the monthly max— 
ima, the mean-of the monthly minima, and minimum observed. 

Following the table of densities are graphs of monthly mean salin— 
ities showing the seasonal variations for many places listed in Table 1. 

The observations are made by drawing a sample of water from near 
the surface and observing its density by means of a hydrometer. They 
are usually made once each weekday at whatever time the observer at- 
tends the tide gage. It may be assumed that in the course of a month 
or a year the distribution of observations is fairly uniform over all 
phases of the tide. At some stations situated within or near the en- 
trance of an estuary, the densicy varies with the stage of the tide or 
with the direction of the tidal current. 

The densities in Table ] are given with respect to the density of 
pure water at a temperature of 4°C (39.2°F) as unity. The actual den- 
sity of the water may vary froma little less than unity for fresh wa- 
ter at a temperature other than 4°C to approximately 1.0310 for the 
heaviest sea water. Since the density of sea water, as observed, de- 
pends not only upon the amount of soluble matter contained in a unit 
volume but also uponthe temperature of the water at the time the read- 
ing was made, it is necessary to reduce the observed densities to some 
standard temperature in order that they may be comparable. In this 
publication the observed densities have been reducedtoa standard tem- 
perature of 15°C (59°F). The density of pure water free from air at 
a temperature of 15°C is 0.9991. 

The salinity of sea water, denoted by the symbol o/oo, is defined 
as the number of grams of salts contained in 1000 grams of sea water. 
Salinity can be determined by several different methods, one of the 
simplest being based upon the density of the water as obtained from 
the use of the hydrometer. Table 2 gives the salinity corresponding 
to different values of density at the stancard temperature of 59°F. 
(15°C.) to which all densities in this publication are referred. 

For some practical uses of density data, it 1s more important to 
know the density at the temperature apt to be encountered than at the 
standard temperature. The graph, Sea Water Density at Various Temper- 
atures, provides for converting density at 59°F (15°C) to density at 
other temperatures. 1 
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List of Stations 


Station Lat. 
O ! 
Amuay, Venezuela—---—--—---——---———~——————————————-———— 11 45N. 
Annapolis, Md.—--—---------------~--———---—---—-——————— 38 59N. 
Asbury Park, N. J.—-----—---~---=-=-----———---—_———— —40 13N. 
Ashley River, Charleston, 5. .—_———— 32 50N. 
Atlantic City, N. J.—-----=---------=======-====--——— 39 21N. 
Baltinore, Md. ———————_-——_—— 39 16N. 
Barahonals, Ome Tac an RC POU el Ce rr 18 12N. 
Bare HarDOr, AMC ne a ae 44 23N. 
Battery, hes New ork Nel Y (ee ee —40 42N. 
Belem, Brazil—-—------------ === — = 1 27S. 
Bermuda (Ferry Reach, St. Georges Island) ------------ 32 22N. 
Boston, MaSS .———— —42 21N. 
Brazosport,, Ereeport Harbor, lex... =e 28 57N. 
Breakwater Harbor, Del .—-----------—-----—-——-—-----—— 38 47N 
Geb ALY Oy sg pW AVAL ERT VC goo 32 55N. 
(Ofe NN oy a6 =I 1, (6 38 34N. 
Canaviecinas.,. BYaZi | aa 15 41S. 
Canova) Beachy: BC ar een 28 O8N. 
@arpen Claas CC OWI) ot 37 16N. 
Cape; Cod Canal (east entrance)),) Mass\.—————— =~ —41 46N 
Cape: Cod) Canal) (west: entrance), Mass. ————— 41 44N. 
(Wa TSMET.G 5 ues CIC ZC a 10 32N. 
(Beene eakedey ates | (COMO ILO ae 10 2AN. 
Garfpano), Viele ZU a 10 40N. 
CPST IWC Fai. CCL 0 te 21 45N. 
Deda rea KREVS yo HN ay aa 29 O8N. 
Charleston (Customhouse Wharf), S. €.—--------------- 32 47N. 
Ol Meyeilesie@ di (WAS TUE ARE ESP) Sho Ogee 32 5O0N. 
Giudaderruy la. Dorminseann ne pu) Ce 18 28N. 
Coatzacoalcos (Puerto Mexico) , Mexico--------------—— 18 OON. 
Gollombors leslie Me OSI CU Cra a 21 5AN. 
Cristobal, Canal: Zone ——— an aa 9 21N. 
Cumana, Venezuela--------------------=-----=- === == — 10 28N. 
Dayconad Beachy (Hallatax Raiver:) 5) (ll aes 29 13N 
WDfenmecojaten, |xetvel oy | ((erereteho)) py 1 29 14N. 
[Datsnitojatel tsiatarsy 3 Unlyed gu cfs) 01a i 35 O5N. 
TDs fic| 90) ty IN (Sa 44 54N. 
1D tere) ate) TUSIIUGN OG ip) 21S) 29 22N. 
EAMG pC ACI ES ae 30 40N. 
Fortaleza. (Mucuripe), Brazil ————————-—— 3 4858 
IMoyert daksrratl bey ats INeiye VMop al tery I Ge SCG —~40 37N. 
Horteulasia, isavieanlall Ravel, Gaia 32 O2N. 
Galveston, Tex .——————== === === 29 19N. 
Gibara, Cuba—------------------——-----—-_------—--———* 21 O7N 
Gloucester Point, Va.-—-—---——-—---—--————————————————— 37 15N. 
Grand [sles 8 mules she (Oli a6 ne 29 10N. 
Guantanamo Ray, Cuba--------------------------------— 19 54N. 
Habana, Cuba—------——------———- nr n= 23 OON. 
Halirax River, Daytona Beach.) Hila .————— oo ae ae 29 13N 
Imbituba, Brazil—-----------------------—----—===——--=-= 28 17S. 
Ivigtut, Greenland=--------——-—-—-—-—=——~-————————-—__ 61 12N. 


List of Stations -Continued 


Station Lat. 
O 
Jacksonville, Fla.-—--------~---~------~—~---—--~------ 30 
Key West, Fla.—---------------------------~----------- oA 
Kiptopeke Beach, Va.--------------------------------- 37 
La Guaira, Venezuela---------~------------------------ 10 
Little Creek, Va.------------------------------------ 35 
Long Branch, N. J.----------------------------------— 40 
Mayport, Fla.-------------~--------------------------- 30 
Miami Beach, Fla.—---------~------~--~--~---~----—------- 25 
Monrovia, Liberia----------~---~--~----~---------~------- 6 
Montauk, Fort Pond Bay, L. I., N.Y.------------------ Al 
Nantucket Shoals Lightship--------~-----------~------- 40 
New London, Conn.-—-------------------------~---------- Al 
Newport, R.I.—--------------------------------------- Al 
New York (Fort Hamilton), N.Y.----------------------- 40 
New York (The Battery), N.Y.------------------------- 40 
New York (Willets Point), N.¥.----------------------- 40 
North Charleston Terminals,Cooper River, S.C.-------—- 32 
Old Point Comfort, Va.---------~----------~----------- 37 
Palm Beach, Fla.--------------~---~-------------------- 8 
Pensacola, Fla.-------------------------------------- 30 
Philadelphia, Pa.----------~----------~--------------- 39 
Port-au-Prince, Haiti---------------------~---------- 18 
Port Isabel, Tex.—--------~---------------------------- 95 
Portland, Me.---------------------------------------- 43 
Port Royal, Jamaica---~----------------------~-------- 17 
Portsmouth, N. H.------------------------------------ 43 
Progreso, Mexico-—-~-----~--~-----~-~---------~-~-------- 21 
Puerto Cabezas, Nicaragua--------~--------~------------ 14 
Puerto Castilla, Honduras—---------------------------~ 15 
PuerrorContes «Hondas === ee 15 
Puerto Limon, Costa Rica—----—-—---—-————__—_________ 10 
Puerto Mexico (Coatzacoalcos) , Mexico---------------- 18 
Puerto Plata, Dominican Republic--------------------- 19 
Pulpit Harbor, Me.----------------------------~------- 44 
Recife, Brazil ------------—----------~--------------- 8 
Richmond, Va.------------------~--------------—------- 37 
Rio de Janeiro (Fortaleza de Santa Cruz), Brazil--——- 22 
Riohacha, Colombia-—----------~---—------—----~~---~------- 11 
Rockport, Tex.—--------------------------------------- 98 
St. Lucia (Castries), B.W.].—------------------------- 14 
St. Lucia (Vieux Fort), B.W.1.----------------------- 13 
St. Petersburg, Pla. - o7 
Salinopolis, Brazil------------~------~---~--------~---- 8) 
Salvador, Brazil---------~------~-----------~-~~~------- 12 
Sandy Hook, N.J .------------------------------------- 40 
Solomons, Md.—--------------------------------------- 38 
Southport, N. C.—------------------------------------- 33 
Trinidad (Carenage Bay), B.W.1.---------------------- 10 
Veracruz, Mexico-----~---------—~~-—-------—--~-------~- 19 
Washington, D. C.----------------~-------------------- 38 
Willets Point, New York, N.Y .----------------------- a AQ 


Woods Hole, Mass.—----—-——--——--—-——————_-=—-___-____--- Al 
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88 Mean Salinity Curves 


Monthly mean salinities in parts per thousand are presented graphically to show the seasonal variation. 
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Mean Salinity Curves- Continued 
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Mean Salinity Curves- Continued 
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Table 2. Corresponding Densities and Salinities 
(Density at 15°C. -- Salinity in parts per 1000) 
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Sea Water Density at Various Temperatures 


The purpose of this graph is to provide the density of sea water at any temperature apt to be encountered 
when the density at the standard temperature of 59°F. (15°C.) is known. It is intended primarily for use with 
this density publication which gives densities at 59°F. and with Coast and Geodetic Survey Special Publication 
No. 278 which gives sea water temperatures for the same stations. 

To convert a density at 59°F. to density at another temperature, enter the graph horizontally from the 
left with the known density and downward from the top with the desired temperature; the position of the 
point of intersection with respect to the curves gives the density at the desired temperature. Interpolate 
between curves when necessary. For example, by this method, water having a density of 1.0162 at 59°F. is 
found to have a density of 1.0124 at 85°F. 

The densities are referred to the density of fresh water at 4°C. (39.2°F.) as unity. 
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